This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representation of 
The original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Internationa] Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 
H04Q 



A2 



(11) International Publication Number: WO 00/05904 

(43) International Publication Date: 3 February 2000 (03.02.00) 



(21) International Application Number: PCT/US99/ 16387 

(22) International Filing Date: 20 July 1999 (20.07.99) 



(30) Priority Data: 
60/093,622 
09/330.102 
09/347.879 



21 July 1998 (21.07.98) US 
10 June 1999(10.06.99) US 
6 July 1999(06.07.99) US 



(71) Applicant (for all designated States except US): TACHYON, 

INC. [US/US]; Suite 101, 6225 Nancy Ridge Drive, San 
Diego, CA 92121 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): CARNEAL. Bruce, L. 
[US/US]; 13172 Caminito Pointe Del Mar, Del Mar, CA 
92064 (US). BECKER, Donald [US/US]; 6296 Camino Del 
Pajaro, Rancho Santa Fe, CA 92067 (US). MOERDER, 
Karl, E. [US/US]; 13360 Whitewater Drive, Poway, CA 
92064 (US). 

(74) Agent: ALTMAN, Daniel, E.; Knobbe, Martens, Olson & Bear, 
LLP, 16th floor, 620 Newport Center Drive, Newport Beach, 
CA 92660 (US). 



(81) Designated States: AE, AL, AM. AT, AT (Utility model). AU, 
AZ, BA, BB, BG, BR, BY, CA. CH, CN, CU, CZ, CZ 
(Utility model), DE, DE (Utility model), DK, DK (Utility 
model), EE, EE (Utility model), ES, FI, FI (Urility model), 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU. LV, MD, MG, 
MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, 
SG, SI, SK, SK (Utility model), SL. TJ, TM, TR, IT, UA, 
UG. US, UZ, VN, YU, ZA, ZW, ARIPO patent (GH, GM, 
KE. LS, MW, SD, SL, SZ, UG, ZW), Eurasian patent (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, 
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GW, ML, MR, NE, SN, TD, TG). 



Published 

Without international search report and to be republished 
upon receipt of that report. 



(54) Title: METHOD AND APPARATUS FOR MULTIPLE ACCESS IN A COMMUNICATION SYSTEM 



rt2- 



o 
o 

I 

CD 



cr 
u 

LU 



CONTENTION -TYPE 
ACCESS BLOCK 



NON- CONTENTION 
ACCESS BLOCK 



(57) Abstract 

A communication system is comprised of three communication resources: a contention-type access block (112), a non-contention 
access block (114) and a second non-contention access block called a reserved block (110). Each time that a remote unit (104) has a 
block of data to transfer to a hub station (100), the remote unit (104) sends the block of data over the contention-type access block (1 12). 
The remote unit (104) also sends a corresponding notification message over the reserved block (1 10). If the hub station (100) receives the 
notification message but not the block of data, the hub station (100) sends a response message to the remote unit (104) which designates 
the resource within the non-contention access block (1 14). The remote unit (104) sends the block of data o ver the designated resource. 
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METHOD AND APPARATUS FOR MULTIPLE ACCESS IN A COMMUNICATION SYSTEM 

Background of the Invention 

I. Field of the Invention 

This invention relates generally to communication systems. More specifically, the invention relates to multiple 
access communication systems. 

II. Description of the Related Art 

The use of wireless communication systems for the transmission of digital data is becoming more and more 
pervasive. In a wireless system, the most precious resource in terms of cost and availability is typically the wireless link 
itself. Therefore, one major design goal in designing a communication system comprising a wireless link is to efficiently 
use the available capacity of tha wireless link. In addition, it is also desirable to reduce the delay associated with use of 
the link. 

In a system in which multiple units compete for finite system resources, a means must be developed to 
regulate access to such resources. In a digital data system, remote units tend to generate bursty data. The bursty 
data is characterized in that it has a high peak-to-average traffic ratio, meaning that blocks of data are transferred 
during short periods of time interposed between significantly longer periods of idleness. Dedication of an individual 
communication channel to each active unit does not result in efficient use of system capacity in a system in which units 
generate bursty data because, during those times when the remote unit is not utilizing the system, tha allocated 
resources remain idle. The use of dedicated channels also may impose a hard limit on the number of remote units which 
may simultaneously use the system, regardless of the usage patterns of the remote units. In addition, the use of 
dedicated channels may cause unacceptable delay if the slice of resources allocated to each remote unit is so small that 
data transfer rates are greatly compromised. 

The characteristics of the inbound and outbound traffic tend to differ significantly in a digital data system. 
For example, in a system which provides wireless Internet services, a typical outbound transmission from a remote unit 
is relatively short, such as a request for a web page. However, a typical inbound data transfer to a remote unit tends to 
be rather large. For example, in response to a request for a web page, the system may transfer a significant amount of 
tiata Because the characteristics trf the inbound and outbound finks are very different system efficiency may be 
increased by developing two distinct protocols for the inbound and outbound links. 

A random access ALOHA protocol was developed for use in the outbound link from e remote unit in a digital 
data system. The basic idea behind ALOHA is quite simple: the remote units transmit whenever they have data to send, 
if the remote units are using a communication resource which can only be accessed by one remote unit at a time, the 
information from each remote unit is destroyed if two units transmit at the same time causing a collision. In a system 
where the remote unit can monitor the random access transmissions, the remote unit may monitor to the transmissions 
in order to determine whether its transmission is the victim of a collision. In a system in which the remote unit does not 
or cannot monitor the random access transmissions, the remote unit may detect a coflision based upon the expiration of 
a timer without receipt of an acknowledgment message received from a hub station in response to a transmission. 
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According to standard ALOHA operation, whenever a collision occurs, the remote unit waits a random amount of time 
and retransmits the data. The duration of the wait is random so that the colliding remote units do not generate 
collisions in lockstep over and over again. 

Figure 1 is a timing diagram showing the operation of a pure ALOHA random multiple access system. In figure 
5 1, five remote units designated A, B, C, D and E are transmitting packets of data within a common communication 
channel. Whenever two remote units transmit at the same time, a collision occurs and both transmissions are lost In a 
pure ALOHA system, if the first bit of a new transmission overlaps just the last bit of a transmission already in progress, 
both transmissions are totally destroyed and both have to be retransmitted at some other time. For example, in the 
frequency modulated (FM) channel shown in Figure 1 where no two packets may contemporaneously be transmitted, a 
10 packet 12 transmitted by the remote unit B collides with a packet 10 transmitted by the remote unit A and a packet 14 
transmitted by the remote unit C. The remote unit A must retransmit the information in the packet 10, the remote unit 
B must retransmit the information in the packet 1 2 and the remote unit C must retransmit the information in the packet 
14. Figure 1 shows the remote unit C retransmitting the packet 14 as a packet 14R. 

In a pure ALOHA system, if the average packet transfer rate is low, most packets are transferred without a 
15 coifisioru As the average packet transfer rate begins to increase, the number of collisions increases and, hence, the 

number of retransmissions also increases. As the system loading increases linearly, the probability of retransmissions 
and multiple retransmissions increases exponentially. At some point as system loading increases, the probabiCty of 
successful transmission fails below a reasonable number and the system becomes practically inoperable. In a pure 
ALOHA system, the test channel utilization which can be achieved is approximately 18%, the so-called maximum 
20 channel utilization. Below 18%, the system is underutilized. Above 18%, the number of collisions increases such that 
the throughput of the system begins to fall. Operating above maximum channel utilization is referred to as over channel 
utilization. Under conditions of over channel utilization, the average delay of the system increases rapidly as the 
throughput of the system falls and the stability of the system is endangered. 

The introduction of a geosynchronous satdfite Gnk within a digital communication system complicates the 
25 -multiple access diemma. The use of a geosynchronous satellite typically introduces e 270 millisecond (msec) delay 
between transmission of a signal from 8 remote unit and reception of that same signal at a hub station. For this reason, 
scheduled access schemes which require the remote unit to request system resources before beginning each 
transmission introduce about half 4 second of delay into each transmission. The delay associated with scheduled 
transmissions may be readily apparent to the frustrated system user. 
30 If an ALOHA system is implemented in a satellite system in which the remote units can't or don't monitor the 

random access channel, in the event of a collision, the remote unit does not know of the collision for at least 640 msec. 
In edition to the notification delay, the remote unit typically must wait some random amount of time before 
retransmitting the data (to avoid lockstep retransmissions). The retransmitted signal is once again subjected to the 270 
msec time delay. The cumulative delay of such a transmission can easily exceed one second, in a fully loaded system, 
35 the delay can be significantly longer due to the increased probability of repeated collisions. Although these delays are 
not incurred with each transmission, they can be frustrating to the user when incurred. 
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Therefore, there is a need for a multiple access system which provides advantageous use of system resources 
as well as tolerable delay. 

Summary 

A communication system is comprised of three communication resources: a contention-type access block a 
non-contention access block and a second non-contention access block called a reserved block. Each time that a remote 
unit has a block of data to transfer to a hub station, it sends the block of data over the contention-type access block. It 
also sends a corresponding notification message over the reserved block. If the hub station receives the notification 
message but not the block of data, it sends a response message to the remote unit which designates the resource 
within the non-contention access block. Tha remote unit sends the block of data over the designated resource. 

Brief Description of the Drawings 

The features, objectives, and advantages of the invention wfll become more apparent from the detailed description 
set forth below when taken in conjunction with the drawings wherein like parts are identified with (ike reference numeral 
throughout and wherein: 

Figure 1 is a timing diagram showing the operation of a pure ALOHA random multiple access system; 
Figure 2 is a block diagram illustrating a system according to the invention; 

Figure 3 is a conceptual diagram showing allocation of communication resources according to the invention; 
Figure 4 is a flow diagram showing remote unit operation; and 
Figure 5 is a flow diagram showing hub station operation. 

Detailed Description of the Invention 
One problem encountered with prior art random access schemes is that in the event of a collision, the remote 
unit may not know of the collision for some time. The hub station cannot detect which remote units are involved when 
a collision occurs and, therefore, cannot immediately notify the affected remote units when a collision occurs. 
Therefore, unless tha remote unit can somehow monitor tha random access transmissions, the remote unit waits for an 
acknowledgment message from tha fiub station. If a corresponding time-out period expires and no acknowledgment 
-message is received, the remote unit assumes a collision has occurred, in a pure ALOHA system, the remote unit also 
waits a random amount of time before attempting to retransmit after a collision is deemed to have occurred. In some 
cases, the retransmission also fails and the retransmission process is repeated. The delay which is introduced by the 
retransmission and possible multiple retransmissions can become quite intolerable. 

The invention provides a multiple access means and method which reduces or efiminates the excessive delay 
introduced by multiple retransmissions. A reserved block of resources is used to notify the hub station whenever a 
remote unit initially attempts to access the system over a contention-type access communication resource. The 
notification of the hub station allows the hub station to accurately detect the occurrence of a collision (or other failure 
mode) and to identify the remote units that were involved in the collision. When a collision occurs, the hub station 
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assigns to each remote unit involved in the collision a resource within a non-contention access communication resource 
over which the remote unit retransmits the block of data. The resource is preferably dedicated to the remote unit and, 
therefore, the retransmission of the block of data is not subjected to a risk of collision. Thus, because the notification 
message and retransmitted block of data are transmitted over non-contention type communication resources, almost no > 
block of data is subjected to more than one collision. In adoption to decreasing the time delay associated with the 
retransmission process, the contention-type resources are also unburdened to the extent that they are not required to 
carry a large volume of retransmissions. The probability of coflisions in the contention-type access block is thus 
reduced. 

Figure 2 is a block diagram illustrating a system according to the invention. In Figure 2, a hub station 100 
provides communication resources to a pIuraGty of remote units 104A-104N. The remote units 104A-104N may be 
nodes on a local area network, home computers, handheld computers, two way pagers, wireless facsimile machines or 
printers, Digital meter reading equipment or any manner of unit which processes digital data. The fink between the hub 
station 100 and the remote units 104 comprises a satellite 102. The outbound signals from the remote units 104 are 
transmitted to the satellite 102 where they are relayed to the hub station 100. Likewise, signals from the hub station 
100 are transmitted to the satellite 102 where they are relayed to the remote units 104A-104N. The hub station 100 
may, for example, be connected directly to an Internet node to provide wireless access to the Internet, a public 
telephone switch or a private digital network. 

The remote units 104 may comprise or implement one or more processes which enable them to cany out the 
functions of the invention, likewise, the hub station 100 may comprise or implement one or more processes which 
enable it to carry out the functions of the invention. The processes may be embodied, for example, within one or more 
integrated circuits, such as an application specific integrated circuit IASIC), end/or may be embodied within software or 
firmware routines that are executed by a microcontroller or other processor. 

The communication resources within the hub station 100 may be quantized into a series of communication 
resources according to one of a plurality of well-known techniques. For example, the communication resources may be 
tfivided into a series of CDMA channels. The COMA channels may be defined by a series of pseudo random, nearly 
orthogonal sequences. Each sequence in the series defines a separate communication resource which can be used by a 
tamote writ to communicate with the hub station. Alternatively, the system may use TDMA time slot channels to 
subdivide the communication resources, in a TDMA system, remote units are assigned a time slot in which to transmit, 
fly fimitmg transmissions to fall within the assigned time slot the remote units ere able to share ths communication 
resources provided by the hub station. In addition, frequency modulation |FM|, amplitude modulation (AM), a 
conibination of the foregoing or many other communication techniques may be used to quantize the communicetion 
resources; 

figure 3 is a conceptual diagram showing allocation of communication resources according to the invention. 
The communication resources are Divided into three resource allocation blocks. A reserved block 110 comprises a set of 
resources assigned and individually dedicated to an active remote unit The reserved block may be implemented as any 
one of a variety of wefl known non-contention access mechanisms in which the transmission from one remote unit does 
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not prevent another remote unit from communicating. For example, the reserved block may be comprised of a set of 
time multiplied spread spectrum channels or a set of FOMA or TDMA channels. Tha multiple access and 
communication format of the reserved block 110 may be different from the remaining resource allocation blocks. As 
described below, the reserved Mock 110 is used to transfer notification messages from the remote units to the hub 
station. The resources allocated to the reserved block 110 are smaD in size compared to the total available 
communication resources. For example, in the preferred embodiment the reserved block 1 10 consumes less than about 
1% of the available communication resources. In other embodiments, the reserved block 110 may consume less than 
5%, 4%, 3% or even 2% of the available communication resources. 

The second resource allocation block is a contention-type access block 112. In contention-type access, 
multiple users share a common channel or channels in a way that can lead to conflicts between users. In one 
emboifiment the contention-type access block 112 is comprised of a set of random access resources. For example, the 
contention-type access block 112 may be an ALOHA access channel in which user Uansmissions are subjected to 
collision. The contention-type access block 1 12 is used for initial attempts to transfer blocks of data from the remote 
units 104 to the hub station 102. 

The third resource allocation block is a non-contention access block 114. In non contention-type access, the 
transmissions from one remote unit do not prevent another remote unit from communicating. In one embodiment, the 
non-contention access block 1 14 is a scheduled access block. The non-contention access block 1 14 is used to transfer 
blocks of data that were unsuccessfully transferred using the contention-type access block 112. 

When a ranote unit sends a message containing a block of data over the contention-type access Hock 1 12, it 
typically includes within the message the block of data, self identification and other information used by the system. 
The block of data itself may comprise, for example, Internet communications such as an email message or a request for 
a web page, an electronic file, a short message, FAX date or other digital data. Each time that a remote unit transmits 
a block of data using a communication resource within the contention-type access block 1 12, it also sends a notification 
message within the reserved block 110. The notification message is not subject to coflisions. Because the notification 
message «s generally significantly smaller than the corresponding tiock of data, a relatively small quantity of 
communication resources are needed to transfer the notification message, in one embodiment the notification message 
takes on one of two values. A first message may simply imfcate the presence of the remote unit within the coverage 
area and a second message may imficate that the remote unit istraiwnrttmg * rorresponalrtg block of data, in the 
preferred embodiment, the communication format used on the reserved block 110 results in a high probability of 
successful reception by the hub station. For example, the notification message should arrive at the hub station with a 
relatively high signal to interference ratio. 

£ach time that a remote unit transmits a block of data over the contention-type access block 112 and a 
notification message over the reserved block 1 10, one of four results occurs. Either the hub station receives both the 
block of 4ata and the notification message or it receives the block of data but not the notification message or it 
receives neither the Week of data nor the notification message or it receives the block of data but not the notification 
message. In one preferred embodiment, the failure rate of transmissions over the reserved block is less than 1 in 
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10,000. Also in that one preferred embodiment, it is advantageous to limit the usage of the contention-type access 
block 112 such that the probability of collisions is about 10%. Therefore, at least about 90% of the time, the hub 
station successfully receives the block of data and the notification message and transmits an acknowledgment message 
to the remote unit that transmitted the block of data. 

An extremely small probability exists that the hub station will successfully receive the block of data but not 
the notification message. In such a case, the hub station simply transmits an acknowledgment message to the remote 
unit that transmitted the block of data in the same or similar manner as if the notification message had been received. 
In the very rare event that the hub station receives neither the block of data nor the notification message, the remote 
unit detects an acknowledgment time-out and may retransmit the block of data over the contention-type access block 
112. 

If the loading on the contention-type access block 112 is maintained such that an average collision rate of 
about less than 10% is expected, the hub station receives the notification message but not the block of data no more 
than about 10% of the time. In this case, the hub station transmits a response message to the remote unit which 
designates a resource within the non-contention access block 1 14 over which the remote unit may retransmit the block 
of data. The response message may be a remote unit-specific message, a broadcast message or other type of message. 
The remote unit may be designated explicitly, implicitly, with a temporary identifier or using another means. 

In one embodment, the non-contention access block 114 comprises a set of scheduled resources which may 
be temporarily dedicated to a chosen remote unit. Upon receipt of the response message from the hub station, the 
remote unit retransmits the block of data over the inrficated resource within the non-contention access block 1 14. The 
message comprises the block of data and may also comprise other system information. The message comprising the 
block of data sent over the non-contention access block 114 may be Different from the one sent over the contention- 
type access block 112. For example, by using the resource within the non-contention access block 1 14 assigned to the 
remote unit, the remote unit essentially identifies itself and the inclusion of self identification within the message itself 
may not be necessary. 

The use of the non-contention Bccess block 114 preatly reduces the probability that a block of data is 
subjected to more than one collision. Through this process, the delays associated with awaiting the expiration of an 
sckrarwfedgment timer, waiting Tandem mounts trf time as well as the time devoted to multiple retransmissions are 
avoided. The average delay associated with the transmission of a block of data is thereby reduced. 

In one embodiment, the resources dedicated to the non-contention access block 114 comprise approximately 
one quarter of the available communication resources. By examination of figure 3, ft cen be seen that the resources 
dedicated to the contention-type access block 1 12 are limited by the resources allocated to the reserved block 1 10 and 
the norvcontention access block 1 14. Because the reserved block 1 10 is only a small percentage of the total avaBable 
communications resources, the use of the reserved block 110 does not significantly reduce the resources avaBable to 
the contention-type access block 112. The use of non-contention access block 114 unburdens the contention-type 
access block 1 12 by eliminating the use of the contention-type access block 1 12 for retransmission of blocks of data. 
By doing so, the use of the non-contention access block 114 decreases the probability of collision on the contention- 
's- 
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type access block 112, thus increasing total system throughput and decreasing the communication resources which are 
expended on collisions. 

In addition, the use of the non-contention access block 114 significantly reduces the average delay time 
associated with accessing the system, especially under conditions of relatively heavy loading. The use of the non- 
contention access block 1 14 also limits the retransmission process so that the most probable worst case delay scenario 
is limited to the time necessary to make only one retransmission. Notice that this time delay, which is approximately 
equal to the round trip delay associated with transmission over a satellite, is the same delay that is associated with a 
perfectly scheduled access method. Therefore, the access method illustrated in Figure 3 exhibits a much lower average 
delay than a perfectly scheduled access technique. In addition,, because the number of retransmissions is limited, the 
invention exhibits a lower average delay than prior art random access systems. 

Although the loading on the contention-type access Hock 112 must be limited in order to prevent over channel 
utifization and a reduction in throughput, if the non-contention access block 114 comprises scheduled channels, it may 
be fully utilized without any such concerns. In addition, the invention limits the probability of over channel utilization 
and possibility of unstable system behavior because the remote units do not attempt to continue to access the 
contention- type access block 112 after a collision has occurred. 

Figure 4 is a flow diagram showing remotB unit operation. Flow begins in start Hock 120. In block 122, the 
remote unit transmits a block of data over the contention-type access block. In a system that uses a pure ALOHA 
random access scheme, block 122 may involve simply transmitting the block of data as soon as the packet becomes 
available, in other systems, block 122 may comprise randomly selecting a random access channel from a sat of 
available random access channels. In yet other systems, block 122 may comprise the step of attempting to sense the 
use of the contention-type access block by other units. In block 124, the remote unit transmits a notification message 
within the reserved block. The steps of blocks 122 and 124 may be performed in the opposite order, or may be 
performed concurrently. In clock 126, the remotB unit determines whether it has received an acknowledgment massage 
from the hub station within an acknowledgment time-out period. If so, flow ends in end block 132. If not, in block 128 
the remote unit determines whether it has received a response message from the hub station designating a resource 
within the non-contention access block. If so, the remote unit retransmits the block of data over the assigned resource 
in block 130. In the rare event that the remote unit receives neither an scknowiedgment message nor a response 
message; flow may continue back to block 122. 

figure 5 is a flow diagram showing hub station operation. Flow begins in start block 138. In block 140, the 
hub station receives a notification message within the reserved block corresponding to a particular remote tmit Block 
142 determines whether a corresponding block of data within the contention-type access block has been received 
within a specified time-out period surrounding the receipt of the notification message. If so, the hub station sends an 
acknowledgment message to the remote unit in block 148 and flow ends in end block 150. If not the hub station sends 
a responsive message commancfing the remote unit to transmit over the non-contention access block in block 144. In 
block 148, the hub station receives the block of data from the remote unit over the non-contention access block. In 
block 148, the hub station sends an acknowledgment message to the remote unit and flow ends in end block 150. 
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In order to prevent over-channel-utilization, the loading of the contention-type eccess block is generally kept 
below a maximum loading threshold by the system design. If the system can predict the probability of a remote unit 
transmission with an accuracy at least approximately equal to the maximum allowable loading, system efficiencies can 
be increased by predctive scheduling. For example, if the system is designed to limit the loading on the contention-type 
access block to approximately 10% of its total available capacity and the hub station can predict a remote unit 
transmission with an accuracy better than 10%, the hub station can increase total system usage efficiency by selecting 
a resource from the non-contention access block for use by the remote unit if the remote unit should have a 
transmission to send. Using predictive scheduling, the non-contention access black resources are used at less than full 
capacity but the efficiency and stability of the system is increased. 

Often times the receipt of a block of data from the remote unit is followed quickly by the receipt of another 
block of data, especially in response to an intervening hub station message. Therefore, when a hub station receives a 
block of data from the remote unit or a notification message in association with a failed transmission, the hub station 
may include a predictive resource assignment within the acknowledgment message. The predictive resource assignment 
may designate a resource within the non-contention access block. In this way, the acknowledgment message 
containing the predictive resource assignment tells the remote unit "I have received your latest transmission and should 
you have a transmission to send within the next X seconds, please send it within the non-contention access block at 
resource Y " Should the remote unit have an additional block of data to send, rather than use the contention-type 
access block, the remote unit initially transmits the data over the indicated resource within the non-contention access 
block. Likewise, when the hub station transmits a Hock of data to the remote unit the hub station may include a 
predictive resource assignment within the message carrying the block of data. In addition, the predictive resource 
assignment may be sent as an independent message or in a responsive message to a failed transmission. By using 
predictive scheduling, the contention-type access block 1 12 may be further unburdened, thereby decreasing the number 
of collisions as well as the average delay incurred within the system and further increasing the throughput and stability 
of the system. 

Referring again, to Figure 5, tn order to implement predictive scheduling, in block 148, the hub station may 
include within an acknowledgment message to the remote unit a predictive resource assignment for use by the remote 
unit for any transmission which it may generate for a fimhed time duration. If the original transmission fated the hub 
^station may include within the message sent in block 144 a predictive resource assignment which may be used for 
subsequent transmissions by the lemote unit so long as they begin within a limited duration of time. The inclusion or 
exclusion of a predictive resource assignment in one of these messages or in another message may be a function of, for 
example, current system loading, the characteristics of the inbound or outbound user data or the characteristics of the 
remote uniL in ana embodiment the remote unit indicates the desire for a non-contention resource within the message 
transferred over the contention resource. 

In another embodiment the rigid separation of the contention-type access block 112 from the non-contention 
access block 114 in figure 3 is replaced with a movable separation. If the contention-type access block 112 and the 
non-contention access block 1 14 use a common communication format the hub station can simply notify the remote 
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units of the current channel which divides the contention-type access block 112 from the non-contention access Uock 
114 in order to inform the remote unit of the current location of the movable separation Under conditions of fight 
loading, the communication resources allocated to the contention-type access block 112 may be increased while the 
communication resources allocated to the non-contention access block 114 may be decreased. In this way, the 
probability of collision is decreased and the mean delay introduced by the system also is decreased. As the loading of 
the system increases, the incidence of collision also increases and the amount of data transmitted over the non- 
contention access block 114 increases. At this point, in order to accommodate the increased loading on the non- 
contention access block 114, the communication resources allocated to the non-contention access block 114 may be 
increased. Taken to the extreme, should the loading on the contention-type access block 112 become so high that it is 
dominated by collisions, the communication resources allocated to the contention-type access block 112 may be 
minimized or even eliminated. In such a case, each transmission over the contention-type access block 1 1 2 generates a 
collision and the system reduces to a scheduled system based upon the use of the reserved block 110 as a means of 
requesting a scheduled resource. The use of a moveable boundary between the resources allocated to the contention- 
type access block 112 and the non-contention eccess block 114 allows the system to operate efficiently over a large 
renge of loading conditions. 

The reserved block transmissions may be used to derive time alignment (synchronization) and power control 
information for the remote units according to well-known techniques - whether or not the reservation block 
transmission indicates the transmission of a block of data over the contention-type resource. For example, by 
examination of the transmission received over the reserved block, the hub station may generate a time adjustment 
command or information, or power adjustment command or information for transmission to the remote unit using well- 
known techniques. Several techniques for time alignment are disclosed in co-pending U.S. Patent application serial 
number 60/095,341, filed August 8, 1998 and entitled "Method and Apparatus for Time Synchronization in a 
Communication System." Use of the reserved block for these functions may be advantageous because the remote unit 
can transmit actual or dummy messages over the reserved block without expending any additional system resources and 
without the risk of collision. By using the reserved block to implement these overhead functions, the loaning on the 
contention-type access block and non-contention eccess Uock may be further decreased. 

in one embodiment the reserved block transmissions reflect en amount of data transmitted over the 
contention-type resource. For example, m one embodiment the reserved block transmission is a payload message which 
indicates the number of packets transmitted over the contention-type resource. If the hub station detects less than the 
indicated amount of data on the contention-type resource, the hub station assigns a non-contention resource of 
sufficient size to support transmission of the amount of data which was not received and notifies the remote unit. The 
remote unit responds by re-transmitting data over the non-contention resource. 

In such en embodiment if a remote unit is transmitting an isochronous data or another type of data where the 
need for communication resources can be predicted by the remote unit, the remote unit can transmit a payload message 
over the reserved block indicating the transmission of the predicted emount of resources before the data is available for 
transmission. However, the remote unit does not transmit a corresponding message on the contention-type resource, 
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Therefore, the hub station receives the reserved block transmission but not a corresponding contention-type resource 
transmission and responds with a non-contention resource allocation. The remote unit transmits the data over the non- 
contention resource when the data is available without incurring the delay of scheduling or the probability of collision on 
the contention-type resource. In addition, because the remote unit does not transmit a message over the contention- 
type resource, the loading and number of collisions on the contention-type resource is reduced. 

In some cases, a remote unit transmits predictable data as well as a more unpredictable stream of data. For 
example, a remote unit may transmit concurrently both a predicate rate voice signal and an unpredictable data signal. 
In such a case, the remote unit can add the amount of predicted resources to the payload indication sent over the 
reserved block transmission. For example, if the remote unit has five data packets to transmit and can predict that it 
will have two additional voice packets to transmit the remote unit transmits the five data packets over the contention- 
type resource and transmits a correspontfng message over the reserved block indicating that seven data packets are 
being transmitted The hub station receives the reserved block transmission and the five data packets and schedules a 
sufficient non-contention resource to transmit the remaining two packets. 

In some systems, the total amount of reverse link power which can be transmitted concurrently is limited. For 
example, the reverse fink power may be limited by a satellite transponder compression point or by government 
regulation. If a great number of remote units attempt to access the system via the contention-type resource at one 
time, the total power may exceed the reverse link power limit. In such a case, it is advantagous to limit the total 
amount of power which can be transmitted at one time. One manner in which this can be accomplished is by limiting 
the number of remote units which can transmit in any given contention-type resource segment. Therefore, rather than 
being allowed to transmit on each one of a set of resource segments from within said contention-type resource, the remote 
units are generally enabled to transmit on only a subset of the possible contention-type resource segments. For 
example, if the contention-type resource is a slotted ALOHA system, the remote unit may be enabled to begin 
transmission on a subset of the possible transmission boundaries. If the resources are properly allocated, even if each 
remote unit which is enabled to transmit within a segment transmits within the segment, the total power is still held 
within the allowable limit Inune embodiment the remote units receive enablement allocations in accordance with a 
class of service designation. In other embodiments, particular messages or message types are deemed to have a higher 
priority than others end the enablement allocations ere distributed based on the type of message. 

The transmission over the reserved block need not be ornament with the transmission over the contention- 
type access block. A transmission over the reserved block may indicate that a transmission has been recently made 
over the contention-type access block, that a transmission is concurrently made over the contention-type access block 
cr that a transmission will soon follow over the contention-type access block. 

in yet another embodiment the resources of reserved block can be non-urutcrrnry allocated among the remote 
units. For example, the resources can be allocated based upon a set of active and quiescent remote units. The active 
remote units are those remote units which are more likely to transmit data. The quiescent remote units are those 
remote units which are less likely to transmit data. If no transmissions are received from an active remote unit for an 
extended period of time, the hub station can re-categorize the remote unit as a quiescent remote unit If a transmission 
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from a quiescent remote unit is received, the hub station can re-categorize the remote unit as an active remote unit. 
The active remote units are allocated more frequent access to the reserved block than the quiescent remote units. 
Likewise, the resources of the reserved block may be allocated among the remote units according to a quality of service 
allocated to the user, the data transmission capability of the remote unit the past usage pattern of the remote unit or 
the length of time since the last transmission was received from the remote unit. Non-uniform allocation of the reserved 
block resources can aid in reducing the overall latency introduced in the system by the use of the reserved block. 

Likewise, the total amount of system resource dedicated to the reserved block can be varied during system 
operation. For example, the rigid separation of reserved block 110 and the contention-type access block 112 and the 
non-contention access block 114 in Figure 3 can be replaced with a movable separation. By increasing the amount of 
resources allocated to the reserved block, the overall latency of the system due to the use of the reserved block can be 
reduced. However, increasing the amount of resources allocated to the reserved block reduces the amount of resources 
which can be allocated to the other access resources. Thus, when sufficient resources are available on the contention- 
type resource and the non-contention resource, additional resources can be allocated to the reserved block. As the 
loading on the contention-type resource and the non-contention resource increases, the amount of resources allocated 
to the reserved block can be reduced. 

As noted above, the communication format used on the reserved block, the contention-type access block and 
the non-contention access block need not be the same. A myriad of well known and later developed communication 
formats may be (firectly applied to the teachings of the invention. Typically, the non-contention access and the 
contention-type access block use a common communication format and channelization for ease of implementation, for 
example, the contention-type access block may be assigned a number of time and frequency slots and the non- 
contention access block may be assigned the remaining time and frequency slots available in the system. Alternatively, 
or in combination, the contention-type access block may be assigned a first set of orthogonal codes for use in a spread 
spectrum system whOe the non-contention access block may be assigned a remaining series of codes. In addition, 
frequency hopping techniques can also be used. It is likely, however, that the reserved block operates according to 
*ome different communication format. - An important characteristic of the reserved block is that it comprises a 
sufficient number of discrete resources so that each active remote unit may be assigned a unique resource. It is also 
important that the transmission delay associated with sending a signal over the reserved resource be limited to some 
reasonable value. If the time delay associated with successive transmissions from a single remote unh over the 
reserved block becomes too large, the delay may become significant in determining the delay associated with a 
retransmission over the non-contention access block. 

The invention may be embotfied in a variety of systems in which multiple units compete for access to a finite 
resource. Such systems include wireless terrestrial systems and wireline systems, in one embodiment, the non- 
contention access block may be used only after the block of data has been subject to two or more collisions on the 
contention-type access block. 

The invention may be embodied in other specific forms without departing from its spirit or essential 
characteristics. The described embodiment is to be considered in all respects only as illustrative and not as restrictive 
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and the scope of the daim of the invention is, therefore, indicated by the appended daims rather than by the foregoing - 
descriptions. All changes which come within the meaning and range of equivalency of the claims are to ba embraced 
within their scope. 
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WHAT IS CLAIMED IS : 

1 . In a communication system in which a plurality of remote units transmit data to a hub station, a method of 
communicating comprising: 

transmitting a block of data from a remote unit to the hub station over a contention-type access commurication 
resource; and 

transmitting a notification message from the remote unit to the hub station over a first non-contention access channel 
to notify the hub station of transmitting said block of data over said contention-type access communication block. 

2. The method of Claim 1, comprising: 

at the hub station, in response to receiving said notification message, determining whether transmitting said block of 
data over said contention-type access communication resource was successful' and 

transmitting a response message from the hub station to the remote unit to command the remote unit to transmit said 
block of data over a resource within a second non-contention access communication resource if transmitting said block of data 
over said contention-type access communication resource was unsuccessful 

3. The method of Claim Z wherein said response message designates said resource within said second non- 
contention access communication resource. 

4. The method of Claim 2, wherein transmitting said block of data further comprises selecting an enabled 
resource from among a set of resource segments within said contention-type communication resource. 

5. The method of Claim Z wherein said notification message indicates a first amount of data which is larger 
than a second amount of data in said block of data. 

€. The method of QaimZ wherein sad notification message indicates a first amount of data in said block of 

data 

"7. The method cf SXmm fi, iwterein said resource within said ntm-contention access communication 
resource is of sufficient size to support transmission of a difference between said first amount of data and a second 
amount of data received by said hub station. 

B. The method of Cham 6, wherein said lesource wffltmsaid traramterrtion access communication 
resource is of sufficient size to support transmission of said first amount of data. 
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9. The method of Claim Z further comprising transmitting an acknowledgment message from the hub station ... 
to the remote unit to command the remote unit to transmit any additional data available within a limited time duration over a 
resource within said second non-contention access communication resource. 

5 10. In a system in which multiple remote units compete for limited communication resources, method of 

accessing the system by a remote unit comprising: 

transmitting a block of data over a contention-type access communication resource; and 
transmitting a corresponding notification message over a reserved communication resource. 

11. Tha method of Claim 1 0, further comprising: 

receiving a response message which commands transmission of said block of data over a resource within a 
non-contention access communication resource in response to successful reception of said corresponding notification 
message and failed reception of said block of data; and 

transmitting said block of data over said non-contention access communication resource. 

1 2. The method of Claim 11, wherein transmitting said block of data further comprises selecting an enabled 
resource from among a set of resource segments within said contention-type communication resource. 

13. The method of Claim 1 1, wherein sad corresponding notification message indicates a first amount of 
20 data which is larger than a second amount of data in said block of data. 

14. The method of Claim 1 1, wherein said corresponding notification message indicates a first amount of 
data in said block of data. 

25 15. The method of Claim 14, wherein said resource within said non-contention access communication 

resource is of sufficient size to support transmission of a difference between said first amount of data and a second 
amount uf data received by said hub station. 

16. The method of Claim 14, wherein said resource within said non-contention access c om muni cation 
30 resource is of sufficient size to support transmission of said first amount of data. 

17. The method of Claim 11, wherein said block of data is a subset of a total amount of data transmitted 
concurrently. 



10 



15 



35 



18. The method of Claim 11, wherein said response message comprises a designation of said resource 
within said non-contention access communication resource. 
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19. The method of Claim 1 1, wherein transmissions over said contention-type access communication 
resource are subject to collisions and wherein transmissions over said reserved communication resource and said non- 
contention access communication resource are not subject to collisions. 

20. The method of Claim 11, wherein said set of resources allocated to reserved communication 
constitutes less than 5% of available communication resources. 

21. The method of Claim 11, further comprising receiving a predictive resource designation indicating a 
predictive resource within said non-contention access communication resource for use if an additional block of data is 
available for transmission within a limited time duration. 

22. The method of Claim 1 1, wherein said corresponding notification message is used to generate power 
adjustment information for said remote unit. 

23. The method of Claim 11, wherein said corresponding notification message is used to generate time 
adjustment information for said remote unit. 

24. The method of Claim 1 1, wherein said collision-type access communication resource comprises a set 
of code division multiple access channels. 

25. The method of Claim 1 1, wherein said contention-type access communication resource comprises a 
set of time Division multiple access channels. 

- 26. The method of Claim 11, wherein an amount of total communication resources apportioned to said 
xontention-type acces s communication resource decreases as system loading increases. 

27. The method of Claim 1 1, wherein an amount of total communication resources apportioned to said 
non-contention ac c ess communication resource increases as system loading increases. 

28. The method of Claim 1 1, wherein said clock of data comprises Internet communication data. 

29. The method of Claim 28, wherein each step of transmitting comprises the step of transmitting over a 
wireless satellite link. 



30. An method of multiple access communication comprising: 
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receiving a notification transmission over a dedicated resource from a remote unit; 
monitoring a contention-type access communication resource for receipt of a corresponding block of data; and 
sending a response message to said remote unit designating a resource within a non-contention access 
communication resource for use by said remote unit to retransmit said corresponding block of data if said corresponding 
5 block of data is not detected over said contention-type access communication resource. 

31 . The method of Claim 30, wherein said notification message indicates a first amount of data which is larger 
than a second amount of data in said corresponding block of data. 

10 32. The method of Claim 30, wherein said notification message indicates a first amount of data in said 

corresponding block of data. 

33. The method of Claim 30, further comprising the step of dynamically allocating additional resources to said 
dedicated resource based upon a level of loading of said contention-type communication resource. 

15 

34. The method of Claim 32, wherein said resource within said non-contention access communication 
resource is of sufficient size to support transmission of a difference between said first amount of data and a second 
amount of data received by said hub station. 

20 35. The method of Claim 32, wherein said resource within said non-contention access communication 

resource is of sufficient size to support transmission of said first amount of data. 

36. The method of multiple access communication of Claim 30, further comprising the step of sending a 
predictive message to said remote unit which Designates a predictive resource within said non-contention access block 

25 ' fatHirporary tee try said remote tm^ 

37. The method of Claim 30, wherein said step of leaning comprises the step of receiving transmissions 
over e wireless satellite fink. 

30 38. The method of Claim 30, wherein said block of data comprises a request for a web page. 

39. _ The method of Claim 30, further comprising the step of transmitting en indication of a current 
boundary between said contention-type access communication resource and said non-contention access communication 
resource. 

35 



40. A method of communication comprising the steps of: 
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transmitting a random access massage comprising data from a remote unit; 

transmitting a correspond ng notification message over a reserved resource from said remote unit; 

receiving said corresponding notification message at a hub station; 

assigning to said remote unit a resource within a non-contention access communication resource if said 
random access message is not received by said hub station; and 

receiving said block of data over said resource within said non-contention access communication resource. 

41. In a system in which multiple remote units compete for Gmited communication resources, a remote 
unit comprising: 

means for transmitting a block of data over a contention-type access communication resource; 

means for transmitting a corresponding notification message over a reserved communication resource; 

means for receiving a response message which commands transmission of said block of data over a resource 
within a non-contention access communication resource in response to successful reception of said corresponding 
notification message and failed reception of said block of data; and 

means for transmitting said block of data over said non-contention access communication resource. 

42. A random access hub station configured to implement the following processes: 

a process which receives a notification transmission over a dedicated resource from a remote unit; 

a process which monitors a random access communication resource for receipt of a corresponding block of 

data; and 

a process which sends a scheduled resource indication to said remote unit for use by said remote unit to 
retransmit said corresponding block of data if said corresponding block of data transmission is not detected. 

43. A communication system, comprising: 

€ remove unit comprising a process which transmits a block of data aver a contention-type access block and a 
process which transmits 8 corresponding notification message over a reserved communication resource; and 

« fab station comprising a process which receives said corresponding notification message, a process which 
assigns a scheduled resource tfaaid flock of data is not received, and a process which receives said clock of data over 
said scheduled resource. 
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A communication system is comprised of three communication resources: a contention-type access block (112), a non-contention 
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